ABSTRACT. In male hypogonadic mutant rat (hgn/hgn), gonocytes degenerate and peritubular cells form multiple layers around seminiferous tubules during early postnatal testicular development. Alkaline phosphatase (AP) activity has been used as not only a tracer for the primordial germ cells (PGCs) but also a histochemical marker for the peritubular myoid cells. In the present study, we examined the localization of AP activity during the postnatal testicular development in the hgn/hgn and phenotypically normal (+/+ or +/hgn) rat. In the normal testis, high AP activity was located in the surface of the PGCs on 3 days of age. As the PGCs differentiated into spermatogonia, the AP activity drastically decreased in intensity on 7 days and was completely lost by 12 days. In the hgn/hgn, the PGCs showing high AP activity occupied the inside of dilated seminiferous tubules on 3 and 7 days of age. The luminal AP activity declined gradually by 18 days and disappeared on 21 days, when the germ cells completely degenerated in the hgn/hgn testis. In the normal, high AP activity emerged in a layer of the peritubular cells surrounding the tubules on 7 days and afterwards, indicating that the peritubular cells were differentiating into myoid cells. In the hgn/hgn, the peritubular cells formed multiple layers around the tubules and showed weak AP activity on 3 to 18 days of age. On 21 days of age, high AP activity emerged in a single layer of the peritubular cells directly attached to the basement membrane in the hgn/hgn. These results indicate that the PGCs showing AP activity kept remained at later stage in the hgn/ hgn and that the single layer of mature myoid cells showing high AP activity appeared much later in the hgn/hgn testis than in normal. -KEY WORDS: alkaline phosphatase, hypogonadism, peritubular myoid cell, primordial germ cell, testicular development.
cells, the abnormal cell division of the gonocytes, the degeneration of the gonocytes, and the formation of multiple layers of the peritubular cells around the seminiferous tubules [32] . Alkaline phosphatases (APs) are membranelinked enzymes that hydrolyze orthophosphate monoesters at alkaline pH [4] . In normal murine testis, AP activity is predominantly localized in the gonocytes and the myoid cells [2, 11, 16, 22] . In this study, we examine the temporal and spatial distribution of AP activity in the postnatal hgn/ hgn and normal (+/+ or hgn/hgn) testis to investigate the distribution and development of the hgn/hgn gonocytes and peritubular myoid cells.
MATERIALS AND METHODS

Animals:
Male normal and hgn/hgn rats used in this study were obtained from matings between proven +/hgn males and females derived from the 21st generation of hypogonadic rat (HGN) line maintained in our department [29] . The rats were kept in a conventional animal room, and were fed a mixed grain diet and water ad libitum [31] .
Preparation of cryosectioned testis samples: The rats were sacrificed on 3, 7, 12, 18, 21, and 40 days after birth by overdose ether. The testis were removed, weighed to distinguish affected rat from normal one [32, 33] , and embedded in a Tissue Tek [Miles Lob.] , and frozen in dry ice acetone. Five-10 µm sections were cut in a cryostat. After mounting on poly-L-lysine-coated slides, the sections were dried up by cool air from a drier. The sections were Hypogonadic rat (hgn/hgn) shows male sterility [31] , female reduced fertility [28] , growth retardation [28, 32] , and bilateral hypoplastic kidney [29, 33] as a single autosomal recessive trait. The primary cause of the male sterility in the mutant rat appears to exist in the testis in itself [8, 32] . The testicular pathogenesis has prenatally started and the gonocytes are lost during the postnatal stage [32] . Low testosterone and high gonadotropin levels are detected in the adult hgn/hgn serum [8] . Leydig cells make an islet-like conformation around the seminiferous tubules in the adult hgn/hgn testis [31] In the normal rat testis, the primitive sex cords develop into the mature seminiferous tubules during the early postnatal stage. Morphological changes in the tubules include the mitotic quiescence of the primordial germ cells (PGCs), the proliferation of the supporting cells, the formation of well-organized single cell layer of the Sertoli cells along the basement membrane, the reinitiation of the gonocyte mitosis, the movement of the gonocyte to the basement membrane, and the differentiation of the PGCs into the spermatogonia [1, 3, 17, 18, 20, 27] . In the interstitial tissue, the differentiation of the peritubular myoid cells, the maturation of the basement membrane [14, 23, 26] , and the appearance of adult type Leydig cells [13] occurred in the developing testis. These events would be regulated by extratesticular factors and various type of cellcell and cell-matrix interactions in developing testis.
The postnatal pathogenesis in the hgn/hgn testis includes the failure in the proliferation and distribution of the Sertoli fixed in cold acetone/ethanol fixative (1:1 v/v) for 10 min at 20°C. Histochemical localization of alkaline phosphatase: AP activity was detected by a co-coupling method [22] . The sections were soaked in 0.1 M PBS (phosphate buffered saline; pH 7.4), and then were incubated in 0.1 M Tris-HCl (pH 8.5) containing Fast Blue RR (0.6 mg/ml) and Naphthol AS-BI phosphate (1 mg/ml) for 30 min under a dark condition. Then the samples were rinsed in water, counterstained in 1% Nuclear Fast Red, rinsed in water, and mounted in glycerin/gelatin. The substrate for AP was omitted in the negative controls. The samples were examined under a light microscope.
RESULTS
In both genotypes, AP activity was located in gonocytes, peritubular myoid cells, and vascular endothelium. On 3 days of age, in the normal testis, high AP activity was detected in the PGCs located in the central region of the lumen of the seminiferous tubules (Fig. 1a) . The Sertoli cells aligned with a well organized single cell layer along the basement membrane (Fig. 1c) . In the hgn/hgn, the APpositive germ cells occupied the inside of the dilated tubules (Fig. 1b, d ). The population of the germ cells within a section of the tubules was larger in the hgn/hgn than in the normal. On 7 days of age, in the normal testis, luminal AP activity disappeared in most of the tubules. Some of the peritubular cells expressed AP activity (Fig. 2a, c ). In the hgn/hgn, the germ cells within the lumen of the tubules still expressed high AP activity. Most of the cells forming the multiple layers in the peritubular region showed weak AP activity (Fig. 2b, d ). On 12 days of age, in the normal, AP activity was not detected at all within the seminiferous tubules. AP activity in the peritubular cells became higher on 12 days than on 7 days (Fig. 3a, c) . In the hgn/hgn, weak AP activity still remained within the tubules. Although some of the multi-layered cells around the tubules expressed weak AP activity, normal myoid cells showing high AP activity could not be found (Fig. 3b, d ). On 18 and 21 days of age, the location of AP activity was similar as that on the 12 days of age in the normal (Fig. 4a, c; Fig. 5a , c). In the hgn/hgn, as the age advanced, AP activity within the tubules became weaker (Fig. 4b, d ). On 21 days of age, the AP activity within the tubular lumen was completely lost and a single layer of the cells showing high AP activity appeared around the basement membrane of the seminiferous tubules in the hgn/hgn (Fig. 5b, d ). On 40 days of age, in the normal, high AP activity was recognized in the myoid cells and only a few spermatogonia showed weak AP activity (Fig. 6a, c) . In the hgn/hgn, implausible cells remaining within the tubules were negative for AP. Some of the single layered peritubular cells around the tubules expressed high AP activity (Fig. 6b, d ). The cells in the outer region of the AP-positive single layered cells showed esterase activity in the hgn/hgn (data not shown), suggesting that they would be adult type Leydig cells [8, 10] . DISCUSSION AP activity has been often used as a marker for PGCs [6, 16, 19] . Some reports have indicated that AP activity is associated with some of the spermatogonia in adult testis [2, 25] . It occurred but very infrequent in the present study, as shown in Fig. 6c . Our results indicated that in the normal rat testis AP activity in most of the germ cells disappeared during the early postnatal stage, when the PGCs move into the basal compartment, colonized there, and differentiated into the spermatogonia. In the hgn/hgn testis, these processes are severely affected [32] . Thus, it is reasonable that the gonocytes remained AP activity at later stage of the postnatal testicular development in the hgn/hgn. Our previous report revealed that abnormal and degenerating mitotic metaphase was often observed in the gonocytes and that most of the gonocytes degenerated until 18 days of age in the hgn/hgn testis [32] . In this study, AP activity remained until 18 days of age in the hgn/hgn testis, suggesting that the remaining germ cells in the hgn/hgn testis would be PGCs and could not differentiate into the normal spermatogonia. The W/+ (white spotting) and Sl/+ (steel) mutant mice have been known to have defects in the migration and proliferation of the PGCs [15, 19] . The grc/ grc (growth and reproduction complex) mutant rat has been reported to have an abnormal arrest in spermatogenesis at the early pachytene stage [5] . The hgn/hgn is very unique to the point of that the PGCs arrived into the gonads but degenerated before entering meiosis. Details of the mechanisms regulating the differentiation from PGCs into spermatogonia have not known yet, since the culture system that proceeds this developmental process has not been established completely [9, 21, 24] . Unknown factors required in this developmental process of the PGCs would be primarily defected or secondarily affected by the dysfunction of testicular somatic cells in the hgn/hgn.
In general, AP activity has also been used as a cytochemical marker for the myoid cells [2, 11, 22, 23] . In the normal rat testis, weak AP activity was localized in the single layered cells surrounding the seminiferous tubules at 3 days of age and high AP activity in these cells was emerged at 7 days and afterwards. These results are almost comparable with those previously reported by others [23] . Our previous report indicated that the peritubular cells formed multi-layers around the tubules in the hgn/hgn testis [32] . Therefore, it was expected that the developmental process of the myoid cells would be defective in the hgn/ hgn testis. In this reports, although these multi-layered cells showed weak AP activity, all of them could not develop into the mature myoid cells showing high AP activity. On 21 days of age, however, high AP activity was detected in only the single-layered cells attached to the basement membrane of the tubules in the hgn/hgn testis. Moreover, our recent study indicated that the deposition of desmin, marker for peritubular cells, could not be detected in the multi-layered peritubular cells in the hgn/hgn testis on 7 and 12 days by the immuno-staining method [30] . These results suggest that most of the multi-layered cells would degenerate or turn into the interstitial fibrous cells and that only the peritubular cells attached to the basement membrane could differentiated into the mature myoid cells. At present, we can not explain why the peritubular cells form multiple layers in the hgn/hgn testis. However, it may be possible that the proliferation of the peritubular cells or the contribution of the interstitial cells into the peritubular cell population would be in excess since the tubular elongation is severely affected in the hgn/hgn. Recently, we observed that the basement membrane-like structure [7, 12, 14] could not be formed outer side of the peritubular cells during this period in the hgn/hgn testis [30] . This defect would be associated with the failure in the polarization and differentiation of the peritubular cells. The reduced testosterone contents in the hgn/hgn testis on 12 days and afterwards [8, 32] may be associated with the failure of the differentiation of the peritubular cells into the mature myoid cells [11, 12] . 
